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A

INTRODUCTION

hroughout the long sweep
of history, the quest to push
back frontiers on Earth has

started with discover' and
exploration, followed by
settlement and economic

development. Indeed this is
how the length and breadth
of our country was devel-
oped. In a sense, thcrcfbrc,
Space Station Freedom
signals the earl), stage of our
permanent settlement in low
earth orbit. Backed by over
three decades of scientific

data gleaned by space
satellites and human space
voyagers, this new interna-
tional laboratoq', anchored in
Earth orbit and inhabited

and tended by humans, will
help us master and dcvck)p
the space frontier.

The United States is not

alone in its attcmpts to tame
spacc. Man), nations see a
bright future in exploring
and exploiting the space
frontier for world promi-
ncncc, national strength, and
commercial profit. Japanese,
German, and French indus-

try-government teams are
currently formulating space-
based programs in micro-
gravity rcscarch and other
space scta'ices, including
rcmotc scnsing of Earth.
And sincc 1971 Sovict
cosmonauts havc bccn

rcgularly dcparting to and
from Earth to opcratc
stations in space, achievc-

mcnts that lead man)" experts
to expect bolder Soviet
missions in the future,
perhaps a mission to Mars.

During the early planning
years, experts called a space
station the next logical step
for America's space program.
Today, that space station,
christened Freedom by
Prcsidcnt Reagan in 1988, is
becoming part of America's
fi_othold on the future. If
America is to demonstrate

Anartist'sviewof aneVtiluHona_/
spacestationserving_li_.a._:, ....
"Spacepod"in owEa_lhorbit.
{Co_r_hl {9_ Bantam_o_s, lac )
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aggressive leadership in
space, we cannot rest on our
laurels. Space Station
Frccdom will go far to
cnsurc our competitive edgc
in space, and contribute to
American pridc and prcstige.

Thc ultinlate purpose of

Space Station Freedonl is to
serve as our rite of passage
into the solar system, honing
our technical expertisc and
yielding valuable experience
about living and working in a
nearly gravity-free mcdiunl.
By providing an evolutiona_ 3,
base for cxpeditiona_, crews,
and storage fbr hardware,
propellants, and supplies,
Freedom will bccomc a

gateway to thc Moon and
the distant surface of Mars.

Research on Freedom will

spawn new scientific and
technical breakthroughs that
will contribute to our

understanding of fimdamen-
tal laws of nature, to
America's future economic

prosperity, and to the qualit T
of lifc on Earth for all human
kind.

The loss of Shuttle

Challengcr and its crew
served notice that pioneering
the spacc frontier is not
without risk. America,
however, must remain

stcadfast in its aspirations. By
assembling a permanent
habitat above Earth, America

will find itself conveniently
anchored off-shore, read), to
sail for still longer voyages
into space. In this way we
will increase our storehouse

of knowledge, gain a ncw
perspective of Earth and the
univcrsc, opcn new opportu-
nities for commcrcial bcncfit,
and nurture our spirit of
exploration.

Freedomwillprovideanevolutionarybaseforexpedilionarycrews,a gatewaytotheMoon.
{Co_rlesy 0_ Pal Ra_Im_s (a_le En_ineeringi
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The Soviel Union's "Mir" space station,orbiting Earthsince February 1986. is
replete with a special docking pod to enlarge the station over itsmany yearsof
productivelife in space•

America's space programol today is
built upona foundationof over3
decades of pioneering achievement.
Fromthe tentative stepsof human
space exploration, to the first steps on
the Moon, to the Space Shuttle, the
FreedomStation symbolizes a
commitment!o maintain leadership in
the exploration and utilization of
space• _o,_._s_o,.o_,,,o,_,._,_oo_,_

Ozoneconcentrationsin the Southern
Hemisphere as photographedbyan
orbitingsatellite. Sensorsaboard
Freedom'smanned base and poJar
platforms will study our globe from
space, probing the relationship
between human activityon Earth and
the planet's delicate biosphere.

The dislant surfaces of Mars.
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A NEWERA
BEGINS

n the mid-1990s, a four-

i member crew will climb out

of a Space Shuttle, pass
through an air lock, and
board Space Station
Frccdom. Safely housed
more than 320 kilometers

(200 miles) abovc Earth in a
pressurized cnvironmcnt
approximating that on Earth,
thc astronauts will then

watch as thcir transport
vchiclc is piloted away from
thc Frccdom station for

ree lltl_, r.

For the next 30 years or
more, Spacc Station
Frccdom will be permanently
occupicd. Slipping through
the harsh vacuum of space, it

will circlc the globc in a low-
inclination orbit of 28.5

dcgrees to the eqt,ator. Over
time, thc drag of thin,
remnant atmosphcrc will pull
Freedom toward Earth, but
periodic bursts from onboard
thmstcrs will prod the facilig,
back into opcrational
altitudc.

Insidc Frecdom's prcssur-
izcd modules, every availablc
arca will bc in use, x_itla
cciting, wall, and floor spacc
all dcsignatcd for cxpcri
illcnl[s_ storage, control
panels, and clcctrical power
connections. Of course,
without the persistcnt pull of
a one-gravity R)rcc, there is
no up or down in spacc.
Frcedom's dcsigncrs,
therefore, will use lighting,
computer displays, controls,
and even airflow to recreate

some of the up-and-down
feeling humans arc used to
on Earth.
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Crewmemberspassfroma docked
ShuttleorbiterintoFreedom's
habitationmodulethrougha
pressurized"resourcenode."
AstronautsmonitordockingIroma
cupolamountedatopthenode,





ConductingScienceinSpace
Once assembly of

Frcedom is complete, eight
crew membcrs -- the

commander, operators,

payload specialists, and
mission scientists from the

United States and space
partner countries -- will bc
on board. Floating Free
inside Frecdom's pressurizcd
modules or tcthercd outside

to its truss, they will work as
integrated teams in 9 hour
shifts, 5 days a weck.

Outfitted with a diverse
set of hardware and claborate

instmmcntation, Freedom

will be an upward-, down-
ward-, and inward-looking
international research base. It

will bc a sitc for conducting
basic rescarch in physics,
chemisto, and life sciences,
R)r processing materials, tbr
monitoring Earth's tYagile
environmcnt, and for

dcvcloping new technolo-
gies. Sen'icing of attached
instruments and reusable

spacecraft, and assembly and
checkout of large structures
will bc performed at Space

the permancntly manncd
FaciliD' arc advances in
matcrials science and life
sciences. These are the
scientific areas that can most
benefit From Frecdom's

extensive capabilities and
f'rom human supervision and
interaction.

Onc important research
activity to be conducted
aboard Freedom will concen-
tratc on the basic stmcmrc of

protein molecules, the
building blocks of life.
Protcin crystallograph B a
tcchnique to be implemented
using devices in the U.S.
laboratory module, is a
relatively new and exciting
discipline that will bc further
stimulated by space-borne
experiments. Crystallogra-
play is a powcfful way to
determine the thrcc-dimcn

sional structures of large
molecules. Knowlcdgc of
structure provides a key to
understanding the basic
mechanisms of liFe. Many of
the molecules csscntial fbr

living mcchanisms--espe-
cially the proteins and
nucleic acids--arc very large
molecules with extremely

complicated thrcc-dimcn-
sional structures. To dcci-

phcr these structures,
crystallographers coax
biological molecules to
organize symetrically into
crystals big enough to study.
They bombard these molecu-
lar crystals with X-rays to
create diffraction patterns,
which computers analyze.

Growing protein cn,/stals
good cnough to study is
extremely difficult. Despite
tremendous efforts, research-
ers have crystallized relatively
Few proteins successfully, and
imperfections often mar the
rare large crystals grown
under normal circumstances.

However, space experiments
suggest that larger and more

perfect crystals Form in the
absence of gravit T.

Prcvious experiments have
demonstrated the fcasibilit 3'
of growing large protein
crystals in microgravity
without the formation of

multiple seeds, which
produce numcrous small
crystallitcs that would

ORIGINAL PAGI_-
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Station Frccdom. Ulti-

mately, Frccdom will bc a
point of departure to inter-
planeta U space.

Complex experiments will
be performed within
Frcedom's pressurized, shirt-
sleeve laboratories, providing
man_" important clues to the
basic laws of physics that
govern the delicate interac-

tion between gravity, hu-
mansl and materials. The

primary research objectives of



Configurationol U.S. modules shows
the habitat module (lop cenler);
laboratorymodule (below habitat
module); logistics module (far left) for
storageand transport of supplies and
experiments; and resourcenodes
which interconnectthe modules and
house commandand controlsystems.

{CouA_s_ of Boeing Aerospace 1

The U.S.-built
laboratory
module will
house hardware
designed Io
conduct
materials and
life sciences
investigations.
Equipmentwill
be similar to
devices foundin
well-equipped

round-based
boratories.

Protein crystals,
like these...

may prove In be
of major benelit
to medical
technology.

-_: -., ..=, L..:: .;_',_ ,;_. s" ,%;
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preclude study by X ray
diffraction techniques.
Protein crystals grown
aboard Freedom will be large

enough, and of sufficient
qualitT, to be studied by
conventional c_,stallography.
Once their three-dimensional
molecular structure has been

determined, these new

products may be synthesized
on Earth through bioengi
neering techniques, and steps
can be taken to alter, en-
hance, or eliminate the
protein efli:cts in the human
body. There are potential
applications to the treatment
of human diseases and

disorders, and to organ
transplants and implants.

Other fundamental areas

of investigation to bc
explored within Freedom's
laboratory module include
properties of pure metals,
segregation effects in alloy
solidification, the microstruc-
turc of castings, nucleation
and growth phenomena in
the absence of container-wall

effects, and the process of
rapid solidification of highly
undercooled melts. For

example, the formation of
dendrites--whisker like

growths similar to structures
fbund in snox_41akes--may be
studied in detail. Dendritic

growth is an important
feature of solidification, with
implications for the strength
of castings. The high
vacuum of space also may be

utilized in metallurgical
studies. In combination with

containerless processing, a
vacuum system offers unique
opportunities to study metal
purification and the basic
properties of ultrapure or
high corrosive materials.

The understanding of
room-temperature and
cetogenic fluid behavior is
a key to microgravity re-
search generally, since nearly
all materials are processed
in their fluid state. Specific
experiments performed
aboard Freedom could

examine processes and
phenomena related to
droplet and bubble dynam-
ics, phase transitions, capil-

Abilitytoperformmaterialssciencesinvestigations,similarto
thoseperformedherebyByronLichtenbergontheSpacelab1 mission,willbe
dramaticallyenhancedbySpaceStationFreedom.

6R  la' A . PAng
COt.OR



Right:Spacelab3 payloadspecialist
TaylorWangmanipulatessphereina
devicewhichservedasa forerunner
to a contalnerlessprocessingfacility
beingdevelopedfor Freedom.

Below:Lifesciencesinvestigations,
likethisheart-monitoring
echocardiographbeingconnectedby
Dr.RheaSeddonto JeffreyHoffman
duringa Shuttlemission,will study
theeffectof mlcrogravityonplant,
animalandhumanorganisms.

I.

]ary processes, fi)rced multi-
phase flows, nucleation and
cluster phenomena, and
electrohydrodynamic effects.
Additional fundamental

research will provide im-

provements in naeasurements
of themaophysical properties
and furnish data relevant to a

wide variety of applications,
including liquid propellant
storage and tcansfer, micro-
encapsulation of biomedical
materials, meteorolo_', and
the study of planetary
interiors.

Space Station Freedom

will give researchers a
powerful facility for conduct-
ing research in the micro-
gravit3' sciences. Micrograv-
it3, research presents oppor-
tunities fi)r fundamental

research advances, some of
which could have landmark

impacts on science and
techm_]0gy. Six _crogravitv
fa¢ilifi6g planned for Free,-

dora Station's la_tory_:: ('.:
module are,:, _i:_ ...,:,_......

,q_,% ,.,. '.d _;," 'C_

Biotechnology Facility
to study the microgravity
effects on biological pro-

cesses and living organisms
at the cellular level. This

_aci/i o, would permit a
detailed stud), of the
response of various cells to
microgravity under carefully
controlled conditions.

Advanced Protein

Crystal Growth Facility to
grow high-quality cq,stals, to
obtain the highest degree of
king range order in the
crystalline lattice, which
determines the precision with
which X-ray crystallographers
can determine the structures

of these complex biologically
active molecules.

Modular Containerless

Processing Facility to
provide basic support for a
_fide range of experiments
that require the positioning
and manipulation of samples
without physical contact.
Acoustic, electromagnetic

.-and electrostatic fields will

pr.%4de the forces to ma-
ff_ulate the sample. Experi-
ments to be performed in
this facilit T will range from
tests of theories that describe

the behavior of liquid drops
to the processing of molten
materials at high tempera-
tures.

Space Station Furnace
Facility for study of metal
and alloy solidification and
crystal growth with applica-
tions to electronic devices

and development of materials
with unique or improved
properties.

Modular Combustion

Facility to study fundamen-
tal combustion processcs and
phenomena and provide data
tbr combustion-related

applications such as firc
safety and control and
advanced furnaces.

Fluid Physics/Dynamics
Facility to provide a bcttcr
understanding of _hndamcn-
tal fluid behavior which is

esscntial to dcvcloping
processes that take full
advantage of thc micrograv-

it3' cnvironmcnt.

Equally important are
&tailed studies in life

sciences, l.ifc on Earth, from
microbe to man, has been
shaped by gravitational forces
in ways that are only now
beginning to be revealed by
space investigations. Previ
ous spacc missions havc
confirmed a complex interac-
tion between gravit3, and life,
but thesc havc bccn too
limited or constrained to

permit authoritative biologi-
cal research. Space Station

Freedom--offering con
trolled examination of a

varlet3, of species in long-
duration microgravit3" under
the skilled superviskm of a
resident crew--wilt present
research opportunities
unparalleled in the history of
life scienccs.

Frecdom's laboratory
module will permit cxtraordi-
nary advances in bioloD'.
Variablc-gravity research
conducted aboard Freedom
will seek to advance oar

knowledge of fundamcntal
biological processes. A
major objective of this
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GivenFreedom'svantagepoint,experimentscanbecarriedout toobserve
Earth'ssolidsurface,atmosphere,oceansandicedeposits.

research is a deeper under-
standing of the relationship
between gravity and life, as
rcvcaled through synergistic
cxperimcntati()n across a

suite of spccics ranging from
singlc-ccll organisms to
human beings.

In the arca ofspacc
physiolog3.', rcscarchcrs will
exploit the ambient micro-
gravity cnvironmcnt, to-
gcthcr with the variablc
gravity produced by spccially
designed rcscarch ccntri
fugcs, to cxaminc the
physiological effects of
gravit T on mammalian
systems, especially human
systcms. Experiments will
focus on the mechanisms by

which gravity influences
bonc and musclc, fluid and
hydrostatic systems, orienta-

tion in space, homeostatic
control, and rcsponsc to
cnvironment. Data glcancd
from thesc experiments will

help lift the vcil of mystery
surrounding human adapta-
tion to spacc flight, a
ncecssary feat before extend
ing the human presence

filrthcr into the solar system,
and arc cxpcctcd t() havc
widc-ranging clinical applica-
tions on Earth, such as in thc
trcatmcnt of bone-degrading
discascs such as ostcoporosis.

Gravity plays a kcy r()lc in
the dcvclopmcnt of most, if
not all, biological systems.
The opportunity to cxaminc
microorgalfisms, plants, and
animal spccics throughout
multiple life cycles in a
microgravity environment is
unprcccdcntcd in thc history
ofbiolog3'. Experiments wilt
focus on idcntil_,ing the
organ or site of gravity
rcccption; determining thc
effect ()f gravity on rcproduc-
tion, devclopmcnt and
maturation; and investigating
physiological rcsponscs. In
particular, this program will
sponsor scientific studics of
life born and raiscd bcyond
Earth. Rcscarch in this field

may h_y-c practical applica-
rions_or computcr scientists.
Thc discovcry that gravit T-

sensing cells in mammals also
act as parallel processors
givcs scicntists a simplc

dcvicc to study. Experiment
crs now hope to produce a
dynamic modcl of a
mammal's ncural network,
which could bc used as a

modct to dcsign machincs
capablc of artificial intclli-
gcnce.

Expcrimcntal modeling of
gas grain interactions can
also bc carried out in

Mockupof1.8 metercentrifugefor life
sciencesInvestigations.

ORIGINAL PAGE
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Frccdonfs laboratories, with

applications to the origin of
life, particularly the cosmic
history of organic molecules
from the formation of

biogenic elements to their
incorporation into living

organisms.
Research on Freedom x_qll

promote tile development of
a bioregcnerative life support

MakinguseoftheFreedom--itscrew
andhighsensitiveinstruments--
Earth'sstar,theSun,canbe
continuouslyobserved.DynamicSun-
Earthrelationships,studied.frpmthe
Station,mayyieldValuableclues
abouttheeffeclso!solarphenomena
ontheEarth.

i

technolog 3, for use within the
spacecraft. This research will
investigate thc use of plants
md microorganisms to
_erfornl in space the same
functions pertbrmcd on
Earth--production of

oxTgen, potable water, and
food from biological wastes.
One of the practical benefits
of designing agricultural
systems for use in space is
that it could contribute to

developing new intensive
farming practices in extreme
environments on Earth. The

design of small, cfllcicnt
plant growth chambers may
also have practical value in
urban areas, in regions whcrc
growing conditions are not
right for a particular crop, or
m extreme environments
such as the Antarctic or

deserts. And, aside from its

mlportance in fi)od produc-
tion, closed ecological life

support system research may
wovide a model of other

closed environments, such as
insulated houses,

where plants could act as
natural "scrubbers" to

remove air pollutants.
Frccdom's expansive

horizontal truss will provide
attachment points for
payloads designed to study
the Earth and its environ-

ment, the sun, other bodies
in the solar system and
cosmic objects. Attachment
to Freedom Station offcrs a

number of advantages,
including provision of
electrical power, communica-
uons and some pointing

capabilities fhrnishcd by
Freedom itself, together with
opportunities for resupply of
consumables and instrument

cxchangc by Frccdom's
resident crew.

NASA has already identi-
fied man}, promising candi-
date payloads that can
benefit from Frcedom's

orbit, configuration and
operation. One exciting
experiment under study is
Astromag, which would use a
)owcfful superconducting
magnet for unravelling
aspects of mysterious cosmic
rays and begin an unprece-

dcntcd study of the origin
and evolution of matter in

the galaxy by dircct sampling
of galactic material. The
experiment will produce a
magnetic field one thousand
times the strength of Earth's
magnetic field. To achicvc
its snpcrconductivi_', the
device will bc cooled by
liquid helium brought up by
the Shuttle and rcsupplicd
_criodically by Frccdom's
crew.

Freedom will also support
cxobiolog3' and solar system
research. Freedom provides

an unpreccdc,atcd opportu
nity to collect intact flag-
inents of interplanctar3' dust
particles, thc "fossils" of early
solar svstem development,
and possibly interstellar
particles fi)r post flight
analysis. For example, a
Cosmic Dust Collector,
attached to Freedonfs tress,

will snag the finely divided
solid mattcr--a substance

that may offer clues to the

origin of the universe. A
high-resolution, Astrometric
Telescope Facility, designed
to pccr deep into the sur-
rounding universe with
superior pointing accuracy,
may also be mounted to
Freedonfs frame. This

device will look for planets
around other stars.

We are just beginning to
appreciate the complex and
highly volatilc Sun Earth
relationships. Equipment
fitted outside Frcedonfs

pressurized modules, such as
the Solar Terrestrial Observa-

to_', promises to advance our
understanding of solar
features and properties and
of the ebb and flow of

electrical plasma, the solar
wind cast off" from the Stln

before interacting with
Earth. Other prospective
attached payloads include a
I.argc Area Modular Array of
Reflectors for sun_cys of
cosmic X-ray sources at low
resolution and high sensitiv-
it),, and a Pinhole Occultcr
Facilit T for mapping of solar
X- rays.

Although the manned
base is only a few hundred
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miles above sea level, it is

similar in man)- ways to a
remote laboratory in the
Arctic. In both cases,

transportation across an
expanse of space limits
laboratory access to a select
number of researchers

trained to perform on-site
studies Far frona most of their

countcrparts.
Neverthclcss, through a

process called "tclcscience,"
scicntists on the ground will
bc able to interact with their

expcrimcnts and the crew
on-board Freedom and with

colleagues dispcrscd on Earth
by nctworking through voice

conmluilication_ conlptlter

data links, and other com-
munications technologies.

In this wa G many ongoing
research actMtics on Earth

can be integrated with
research aboard the Freedom
Station. No doubt there will

be moments both in space
and on Earth _hen nothing
more than a touch of

serendipity sparks curiosi_;
exploratkm, and discovery.

Earth Observing System
in Space

There is now strong
evidence For global changes
in thc Earth's atmosphere,
occans, and land surfaces,
caused in part by human
industrial and agricuhural
activity. The extent and
long-term character of these
global trends have generated
worldwide concern and led
to the initiation of interna-

tional research programs to
investigate their causes and
consequences.

Space teclmolog3_ will play
a key rolc in future Earth
obscrving systcms dcsigned
to study global changc. The
United States will provide
leadership in this arca by
providing, as part of the
Frcedom program, the first
polar-orbiting platfi)rm to
bccomc part of the Earth

Obsening System (Eos).
The U.S. platfi_rm is sched-
uled to be the first ortwo

u.s. platforms for Eos.
Additional platfi?rms planned
by ESA and Japan will

Above:ESApayloadspecialistDr.UII
Merbold,shownhere,wasa crew
memberonSpacelab1. Scientists
fromtheU.S.andothernationssee
theFreedomasa nexusto innovation
andcreativity.

complement thc Eos ntis-
sions of the United States

platforms and may carry out
other investigations."

Instmmcnts on Freedom's

U.S.-built platform will be
designcd primarily to study
the Earth's surface and

atmosphere. Other instm
ments, proposed for place-
ment on the manned base,
would measure tropical
rainfall extent and intcnsit 3,
in the tropics, gather accu-
rate wind measurcmcnts

using advanced laser tech-
niques, and pcfform low
latitude sun-eys of the Earth's
surface under a wide variet T
of illumination conditions.

NASAwill encourageprivatesector
participationin spaceresearchaboard
theFreedom.CharlieWalker,a
McDonnellDouglasengineer,flewon
severalShuttleflightsinsupportof
hiscompany'sContinuousFlow
ElectrophoresisSystem.



Crystal-growthexperiments,likethis
onedevelopedbyBoeingAerospace
forlaunchaboardtheSpaceShuttle,
willbeflownontheFreedom.
(Go_rtesyofB_in_ ¢_ems_ce)

A New Commercial
Environment

Experiments aboard
Apollo, Skylab, the Space
Shuttle, and Spacelab offered
tantalizing glimpses of ways
to use space to create entirely
new classes of products and
stimulate major advances in
ground-based production
techniques. In consequencc,
a cadre of private companies
is planning to use Frccdom's
manned base and platforms,

all seeking a rctum from
space-engendered research
and development. In
addition, cooperativc
govcrnment-industq,-
academic efforts are contem-

plated for Frccdom, increas-
ing the bank of science and
technical data that keeps
American industry compcti
tire and aggressive and
nourishes the ffec enterprise

system.
In the low gravity of

space, fi)r example, materials
can bc manipulated through
processcs impossible on
Earth. One U.S. company is
drawing on results of aca-
demic and industrial research

carried aboard previous space
flights to develop hardware
fbr cultivating cwstals in
space. By minimizing the
effects of gravity, and thcrcby
decreasing the number and
distribution of defects,

cwstals can be grown that are
larger and more uniform
than their Earth-grown
counterparts. These larger,
purer crystals could mean
faster and more powerful
computers, data processors,
and special sensors.

Small quantities of some
experimental space-produced
pharmaceuticals will bc madc
in space with the rcsulting
knowledge applied to
ground-based production
methods. Ultrapure, bubble-

free glass fi_r use in optical
instruments, collagen fibers

to replace injured human
connective tissues, and heat-
resistant ceramics for a wide

range of high-temperature
applications -- all are
candidate materials that may
bc enhanced by harnessing

microgravity as a ncw tool
for basic and applied research

in space.
And in a role similar to

that of a research laboratory
on Earth, Freedom's manned
base and its associated free-

flying platforms can bc
utilized to add information

to an existing data base.
Other privately fimdcd work
in Earth remote sensing,
communications research

and dcveh_pmcnt, and
industrial services is antici-

pated.
The hard-nosed business

community is looking at the
commcrcialization of space

with guarded optinfism.
This is to bc cxpccted since,
for the most part, business is
attuned to cxpccting short-

tcrm profit from short-term
mvcstmcllt. No orlc knows

how this business philosophy
will be extended into space.

In this regard it is instruc-
tive to look at what othcr

nations arc doing. In lapan,
Germany, and France, for
example, industry-govern-
ment teams arc formulating
broadly bascd programs in
microgravity research and
other spacc services, such as
remote sensing of the Earth.
Tcams of Sovict cosmonauts

in their Mir space station
already have processed thc
first industrial spccimens of
semiconductor materials in

orbit. A stated Soviet goal
fi_r 1990 is to acquire large

quantities of,nade-in space
semiconductor material for

application in super-high-
speed and supcrdarge
integrated circuits fi)r
infi'ared and laser technol-

og3,; dedicated modules fi)r
carwing out this work arc to
bc docked to the Mir.

Thus, as othcr nations cast

an eye toward commercializ-
ing the vast potential of
spacc, U.S. companies must
:ake care not to bc left

behind at the launch pad.

Although thc risks for quick
return on investments in

space arc high, the long-teml
_ayoff for opening the
economic frontier of space
may be substantial.
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LIVINGIN
SPACE

he cozy common areas inside
Free&)m's habitation
module feature a wide
selection of out-of-this-world
amenities. One end has areas

for quiet-time and personal
activities. At the opposite
end is an area fi_r socializing.
Through a nearby window
the crew can observe the

carthscape fleeting by, with a
sunset or sunrise occurring
cvcry 45 minutes.

Between thc two living
areas arc the waste manage-
mcnt and personal hygiene
facilities. Simple tasks like
washing hands are greatly
compounded in the micro-
gravity world of space. Crew
members therefore will wash

their hands in cylindrical
plastic bubbles outfitted with
holes rimmed with cuffs. A

showcr stall providcs a
combination of flowing air
and warm water to take offa

day's accumulated grit and
grime. A combination
washer-dryer tbr clothing is

currently under design.
An environmcntal-control

and life-support system will
provide the crew with a
breathable atmosphere;
supply water for drinking,
bathing, and food prepara-
tion; remove contaminants
from thc air, and process
biological wastes. The
system will bc partially
closed, thus permitting water
and carbon dioxide to bc

recovered and processed to
provide oxTgen, potable
water, and hygiene water for
tile crcw's reuse.

Dining under the stars
takes on new meaning
aboard Freedom. A table

and the proper restraining
devices accommodate all the

crew. With a refrigerator-
freezer, a microwave, and

I
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Habitationmodulewill include
exerciseequipmentto maintain
cardiovascularfitness,andwork
controlstations.
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conventional oven on board,

meals will be a far cry from
the fi)od squeezed out of
toothpaste-like tubes during
space flights in the 1960s.
NASA dieticians, therefore,
arc putting together a vastly
cxpanded mcnu drawing on
ffozcn entrees, refrigerated
items, stable shelf fi)ods, and
a variety ofbcvcragcs. For a
change of pace, ethnic foods
will be served; a surprisc
birthday cake can cvcn be
whippcd up in the galley.
Alter the meal is finished, a
compactor will crush trash,
including disposable cooking
and eating utensils, into
managcablc sizes for storage
and later transficr to Earth.

Staying Healthy in Space
"Is there a doctor in the

housc?" When you're fhr
removed from Earth, the
query takes on new meaning.
No longcr rcquircd to pump
blood against the pull of
gravity, muscles atrophy and
the hcart gets lazy in spacc.
Weightlessncss can also cause
tcmpora0 _motion sickness
with accompanying disoricn
tation. In flights lasting
longer than a month, a
significant pcrccntagc of red
blood cells arc destroyed, a
titan of space ancmia not yet
understood. Sickncss and

disease arc easily sprcad in

closc quarters; potential
bouts with injury, psycho-

logical trauma, exhaustion,
and depression must also be
anticipated.

To maintain physical
fitness cach crew member

will go through two 45
minute, individualized
exercise programs a day
using the treadmills and
stationary bicycles in the
habitation module. In

addition, a Health Mainte-
nance Facility (HMF) in the
module will serve as an on_

board sick bay. There, illness
or minor injuries can bc
treated, or a more seriously
injured crew member can be
stabilized.

A compact package of
diagnostic and therapeutic
medical hardware neatly

tuckcd into ].S cubic meters

(53 cubic feet) of space and
weighing a modest 545
kilograms (1,200 pounds),
the HMF holds a micro

scope, clinical chemistries
analyzer, radiographic

imagcr, and hcmatolo_"
laboratory device. Also in
this electronic doctor's bag
arc a patient restraint system
and tools for pcrforming
minor surgery and dental
procedures and administer
ing anesthesia. A data
display screen is available for
reading thc various instru-
ments. A computerized data
base, ticd to thc HMF and
downlinked to a consultant

network of physicians,
cnsurcs spccdy access by
ground-based doctors to
integrated medical informa-
tion.

Because there won't bc
room aboard Freedom for an

extensive library of medical
reference books, researchers
at the Johnson Space Center
arc developing a medical
operations data base for use
aboaM the manned base.

Researchers at the University
of Florida, under contract to
NASA, also are developing a
microcomputer-based
mcdical decision support
system that can present a
small library of essential
medical knowledge to
medical personnel on
Freedom Station. Aside

from its use in space, such a
computcrizcd medical libra_
could ultimately be put on
laser disks and bc made

available to physicians in any
office with a pcrsonal
computer.

Privacy in Space
Each astronaut will bc

assigncd a sound-proofed
compartmcnt mcasuring
about 4.2 cubic meters (150
cubic feet), which thc
astronaut can decorate

according to his or her taste.
In this nook, a little largcr
than a train berth, will bc a
TV sct, a vidco playback
unit, and stcrco system;
tclcphonc and Videoli'nks

will pcrmit privafc;_rmvcrsa-

Multi-purposeactivitytablewhere
crewswill eat, workandrelaxis
showninmodulemockupatMSFC.
Observationwindowsandvideo
monitorswill belocatedthroughout
Freedom'smodules,
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Freedom'screw memberswill have
intlividualized compartmentslocated
in the habitation module. Eachof the

• private roomswill be outfitted with a
TV set, stereo systemand possiblya
computerterminal for entertainment
and work. Crew memberswill sleep
in a bag hungvertically onthe wall.
iCourte',yoJ Boeir,g Aerosp_,_)

Exercise programsinclude useof a
treadmill Io avoid deconditioningof
the card'ovascula'_'sy.stemduring
extended stays in space: Here,
astronaut GunonBlufordfuns on a
treadmill during a 1983 Shuttle flight.

Mockupof the Health Maintenance
Facility at JSC. This electronic
version of a doctor'sbag will help
maintain the health and safety of the
Station's crew.

To supplementthe Station's on-board
salety features, NASAis examining
concepts,such as the one shownhere,
fpr an emergency crew relurn vehicle.

Earth observationwindow, shownhere
in habitation module mockup at JSC,
would providean ideal perspectiveof
the world as well as possibleview of
exterior activilies.

Washing hands in microgravitywill be
aided bythis device now in
development. Located in Freedom's
galley area, the clam-shell type
device also permitsthe scrubbingof
utensils. _c_,,_°,_oo_ro,o_

Mockupof Freedom's galley, or
kitchen, in JSC mockupof habitalion
module.
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tions with t:amilics and

friends back on Earth. The

private quarters will also be

equipped with a computer
terminal that the astronaut

can use for entertainment,

report writing, or simply

updating a daily log.

A sleeping bag hung

vcrtically on a wall will scrx,c
as the astronaut's bed. Once

the astronaut climbs into the

bag to go to sleep, elastic

bands will retain the sleeper,

imparting the feeling of a

body lying horizontally on a
bed.

Safety in Space

The concept of safe haven

is incorporated in Frcc&nn's

dcsign. Special circum-

stances -- a fire or explosion

within a modulc, a microme-

tcoritc, or a chunk of spacc

debris slicing through the

Frccdom's hull -- could

place crew members in

jeopard}: At least two

separate parts of the facility,

therefore, will be designated

as spots where crcw nlelllbers

can gather to assess an

emergency and then take

appropriate action.

At present, NASA is

examining ways to deal with

emcrgcncics aboard Freedom
that do not tifll within the

capabilities of safct T dcsigns

or the safe havcn philosophy,

such as an extcnded down

time for the Shuttle, or a

mcdical cmcrgcncy onboard
that cannot bc treated in the

HMF.

Over the next fcw ycars,

NASA will examine the use

of Crew Emergcncy Return

\'chicks (CERVs), as well as
altcmativcs for human

transportation to and from
Freedom. Undcr thc CERV

conccpt, a spacccraft would

ahvays bc locatcd at thc

manned base to evacuate

crew menlbers o[1 a

nlonlcllt_S notice and rcttlrll

them safely to Earth. A

Space Shuttle, or some other

D, pc of manned vehicle that
could bc launched when

needed, is also being exam-
incd.

• 19
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DREAMS
FULFILLED

or hundreds of years the idea
of an orbiting facility in space
has fimled the fantasies of

writers, scientists, and
engineers. Not until the

.:grcat burst of scicntific
activit T marking thc turn of
the 20th ccntu_', however,
did the first truly thoughtft, l,
provocative conccpts tbr a

space station emerge.
Pcnned mostly by scientists
and engineers, not one
postulated a station in space
as an end in itself.

Instead, thc visionarics
saw space stations as serving
enduring purposes: enlarging
our undcrstanding of the
cosmos, servicing Earth, and
providing a way station to
worlds beyond. In Russia,
scientist Konstantin Tsb

olkovsky clearly spelled out
the possibility of orbital
stations forming the heart of
a program of space conquest
that would eventually lead to
"cities in spacc." To this da B
Soviet exploits have kept
alive Tsiolkovsky's assertion
that "the planet is the cradle
of mankind, but one cannot

spend one's life in a cradle."

The Space Era is Launched
On October 4, 1957,

when thc Sovict's Sputnik l
mmblcd skyward to give
birth to thc Space Age, the
Stttt_"of science fiction moved

a notch closer to becoming
science fact. With the
creation of the National

Aeronautics and Space
Administration in 1938,

American civilian space
planning efforts were central-
ized, and the United States
set out to become the lead

space-faring nation in the

TheApolloprogramachievedthegoal
of landinga manontheMoonand
returninghimsafelyto Earth.Twelve
menwalkedontheMoonduring
i_oOllo.Oneofthe lasttovisitthe

onwasApollo17scientist-
astronautHarrisonSchmittshown
herenexttoa deployedU.S. flag. The
Earth,240,000milesaway,isvisible
inthebackground.

/

t:





AsfranaulEdwardWhiteconductsthe
firslAmericanspacewalkJune1965
duringa GeminiIVmission.
Rendezvousanddockingtechniques,
mandatoryforIheApollolunarlanding
effort,weredevelopedduringthe
Geminiprogram.
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world. One year latcr, an
cmbryonic space industry,
coupled with NASA, began
dcsign studies of a manned
space laborator},, soon to
become popularly known as
a space station.

The Challenge of Ai)ollo

On May 25, 1961,
President John F. Kennedy
launched tile Apollo pro-

gram, calling on the nation
to "commit itself to achiev-

ing the goal, before this
decade is out, of landing a
man on the Moon and

returning him safely to
Earth."

Kennedy's call also

galvanized strong support for
an Earth-orbit rendezvous,

that is, using a space station
as a staging base for a flight
to the Moon. As an added

bonus, the station was to
remain in place after the
lunar landing. Within 10
years, every major new
program being proposed for
spaceyvas dcpcndcnt on a
space station.

Numerous designs were
offered. The)' ranged from
very large stations placed in
orbit by giant boosters to
inflatable balloon-like

structures, retrofitted rocket
stages, and cannisters
arranged in a spoke configu-
ration that were then spun to
create artificial gravity inside.

Eventuall), limited funds
and the President's deadline

led to an alternative approach
fi)r the Apollo program: a
take-off from Earth to be

followed by a lunar-orbit
rendezvous, with one
astronaut orbiting the Moon
as two others landed on the

Moon and explored it.

The Legacyof Skylab
Skylab was the first

American experimental space
station to bc built. Furnish-

ing a wealth of experience
between 1973 and 1974,
Skylab achieved its funda-
mental objective, to deter-
mine human ability to adapt
to prolonged weightlessness.
Over 270 multidisciplinary
investigations conducted by
Skylab also provided un-
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precedcntcd solar observa

tions, Earth resource studies,

and tests of space manufac-

turing techniques.
Far removed from the

versatile Station now under

way, this modest orbital

workshop was actually a

converted, left-over, Saturn

V third stage used to launch

the Apollo astronauts to the
Moon. Astronauts were

flown to and from the

91,000-kilogram (100 ton)

orbiting laborator}; the size

of a three-room house, in a

small Apollo spacecraft, a

transportation system limited

to single up-and-down trips.

To this day, Skylab's dimcn-

sions, which encompassed

383 cubic meters (12,700

Original Mercury astronaulswere announcedon May 8, 1961. Left Io righl:
Donald Slayton, Waiter Schirra, GordonCooper, Scott Carpenter, VirgiIGrissom,
John Glenn and Alan Shepard.

Dr. Wernher yon Brauncontemplaleduse of large space stations in the 1950's to
supportexploratorytreks to the Moon and to help send off spaceshipsto Mars.
_C(_ur_esyol NS_Ar_hr_es)

II
J

An Alias boosterroars off its Florida launch pad carryingScott Carpenteron
Mercury-Atlas9. The Mercury programopened wide the doorsto space
exploration by humans.
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cubic feet) of work area
along its 35-meter (117-
foot) length, exceed those of
any U.S. or Sovict manned
spacecraft.

Skylab was not designed

to support a permanent
human presence in Earth
orbit. During its lifetime,
three separate teams of three
astronauts each took up

residence on Skylab fi)r a
total of 171 days, 13 hours,
and 14 minutes, and took
nine space walks totalling 41
hours, 46 minutes. They
demonstrated that spending
up to 84 days in space
presented minimal physical
or psychological problems.
Thcy also found that scien-
tist-astronauts could function

almost normally in a micro-
gravity environment, work-
ing in tandem with ground
scientists and peril)truing
major asscmbly and repair
tasks.

The Next Logical Step
Subsequently, the inaugu-

ral flights of the Space
Shuttle program showed that
large structures could be
built in space, with the
Shuttle capable of ferrying
the supplies and crew
between Earth orbit and

Earth. Together with the
Apollo and Skylab triumphs,
all thcse space accomplish-
metats gave credence to the
words of America's rocket

pioneer, Robert W. Goddard:
"Real progress is not a leap
in the dark, but a succession
of k)gical steps."

On lanuaw 25, 1984, in
his State-of the-Union

message, President Ronald
Reagan committed the
nation to building and
inhabiting a space station.
Reagan foresaw the space
station as one way to stimu-
late quantum leaps in
science, comnmnications,
and the development of new

metals and pharmaceuticals.
He also appealed to the best

'- of our collective instincts,

t/sing the occasion to invite
_*0uf allies to "help us meet

these challenges and share in
the benefits" posed by a

Mannedaccessto spacecameofagewiththereusableSpaceShuttle.Atthe
endoftheApolloprogram,NASAplannersproposeddevelopingtheShuffleand
theFreedomasa matchedpair,providinglhenecessaryinlrastructuretocarry
outambitiousmannedandunmannedmissions inthenextcentury.

space station. This interna-
tional invitation opened the

way for other nations to
share in the exciting scien-
tific, technical, and commer-
cially profitable enterprises
that lie ahead.

NASA thereupon estab-
lished internal task three

teams, along with teams
from major NASA contrac-
tors, to define the basic
architecture of a space
station. The first major
studies led to several key
decisions:

• A space station can be
used as both a technological
research center and a scien-

tific laborato W.

• A space station can be

adapted to a wide array of
space operations and ntis-
sions, some foreseeable and
others yet unknown.

• Reusable space trans
portation, such as the Space
Shuttle, provides the essen-
tial means for trucking parts
of a space station into space,
and for rotating its crews and
supplies.

• With a Space Shuttle in
operation, we have a way to
construct and add on to a

space station in stages.

Power Towers and Dual Keels

One of the first good
candidates for a space station
configuration that could
evolve over time came to be



Skylab was America'sfirst space
station. Launched in 1973, the
laboratorywas visited by three
separate teams of 3-man astronaut
crews. Skylab supportedsolar and
Earthinvestigations, materials
processingexperimentsand proved
humans couldefficiently workand live
in space for extended periodsof time.

Top:Astronautswill assemble the
Freedomover the courseof 20
separate Shuttle flights. Assembly
conceptswere demonstratedusing
experimentscalled EASEand ACCESS,
whichwere assembled in space by

Shuttle astronauts.

Above: In responseto user needs, the
dual keel configurationwas adopted.
It provideda better microgravity
environment, structuralstiffness and
structureIor attached payloads.

AstronautsEd Gibsonand GeraldCarr
demonstrateweightless environment
of space during Skylab mission.

known as the "power tower."

Its name matched its look: a

girder 136 meters (450 feet)

long that would circlc the

globe in a gravity-gradient
attitude. Pressurized labora-

tory modules, service sheds,

and docking ports were to bc

placed on the end ahvays

pointing downward; instru-
mcnts for celestial observa-

tion would bc mounted

sk)avard, and the solar power

arrays were to be mounted

on a pcrpendicular boom,

halfway tip the tower.

After intensive revicx_, the

power tower was supplanted

by a double truss, rectangu

lar-shaped arrangement that

shortened the height of the

space station to 91 meters

(300 feet). This "dual keel"

design made for a strongcr

frame, thus better dampen-

ing the oscillations expected

during opcrations. The

design also would move thc

laborator)_ modules to the

station's center of gravity to

allow public and private
sector scientists and materi-

als-processing rcsearchcrs to

work near the qualit T

microgravit 3, zone in the

station• Finally, the dual kcc]

offered a far larger area for

positioning facilities, attach-

ing payloads, and storing

supplies and parts.

¢

A numberof designswere evaluated
before selectingthe configurationof
today. Amongthem, shownhere, was
the powertower.
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BUILDING
A WAYSTATION
TOWORLDS
BEYOND

o maintain tight control over
costs, cnginccrs arc taking an
evolutiona_" approach to
building Space Station
Freedom. The baseline

program includes the U.S.
clcmcnts, international
compollents_ and two
unmanned platR)rms. The
ncxt phasc will bring in
additional capabilitics.
Observers on thc ground will
witness thc construction of

Freedom as it grows from a
small to a brilliant dot

crossing the night sky.
The heart of Freedom's

manned base will be a

horizontal boom structure,
154 mcters (508 feet) long.
Four spccial-purposc mod-
ules -- two U.S., onc
Europcan, and one Iapancsc
-- will subsequently bc
attachcd to the boom at

midpoint. Each module will
havc an atmosphcrc ncarly
identical to Earth's: 80

pcrcent nitrogen and 20
percent o_,gcn kept at sca-
lcvcl prcssurc. In thcsc
modules, cight mcn and
womcn will superintend the
spacc complcx, pcrtbrm
cxperimcnts, maintain
equipment, handle rcpairs,
eat, sleep, and relax.

It will take 20 Shuttle

trips over 3 years to as-
semblc, outfit, and logisti
cally support thc manned
base. Asscmbly of Space
Station Freedom in orbit will

bc a challengc of enormous
proportions, howcvcr thc
task will blaze the trail for
ambitious missions in the

future which will rcquirc on
orbit assembly, test, checkout

and operation. Where
possible, flight elements will

Freedombaselineconfiguration.
(Courlesy of RockweR I_tenn3tkonaJ)
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Canada'scontributionto Freedom,theMobileServicingSystem,is essentialinassembly,maintenanceandservicingof
Freedom'ssystemsandpayloads._o_,,_o_c_.oM,_,_,_,o,_,_c.n_,_:_°o,_

be fit checked on the ground
befi_re they are carried into
orbit aboard the Shuttle.

High-fidelity mockups and
electronic simulators will bc

used to cnsure the compati-
bilit 3' of elements that cannot
bc tested on thc ground.

The first Shuttlc flight
carrying elcmcnts of Space
Station Frcedom will be
launched into orbit about

199S from the Kennedy
Space Ccnter in Florida. It
will consist of a collection of
linkablc struts madc of

strong, yet lightweight
composite material, one sct
of solar an'ays and the
necessar), clcct,'onic compo-
nents to make it capable of
operating as a fully-function-
ing, independent spacecraft
after the Shuttle has returned

to Earth. During the flight,
an astronaut construction

team will piece the tresses
together in Tinker-Toy
fashion, and then deposit the
assembled structure in space.

Other basic elements of

Freedom, such as airlocks,
the pressurized modules,

control systems, and remain-
ing solar panels, will then be
fcrricd up on subsequent
flights. Once Freedom has
bccn pcrmancntly occupied,
logistics modules will bc
interchanged at regular
intervals, approximately every
other Shuttle flight, until the
assembly task has bccn
completed. Thcsc modules

will serve as a delivery system
and holding area for experi-
ments, equipment, food,
supplies, and propcllants and
other critical items needed to
sustain Frccdom and its crew.

Two polar platforms, one
developed by the United
States and the other by the
European Space Agency, will
also bc boosted into orbit in
the mid-1990s. The U.S.

platform will bc launchcd
from thc Vandenberg
Wcstcrn Test Range in
California; the ESA platlbrm
will bc lofted by France's
Ariane rocket from Korou,

Frcnch Guiana. The plat-
fbrms will circle Earth from

pole to pole. One will fly
over the equator at the same

MILESTONE FLIGHTS

FIRSTELEMENTLAUNCH

MANTENDEDCAPABILITY

PERMANENTLYMANNEDCAPABILITY

ASSEMBLYCOMPLETE

Computer-drawnimagesofmajor
milestonesduringlhe assemblyofthe
SpaceSlationFreedom.



InteriorconceptofthelaboralorymoduleswhereFreedom'screwswillwork.
Crewmembersareshownworkingonamodularexperimentrack,monitoring
experimentstatusata workstation,andinstallingbiologicalsamplesintothe
floor-mountedcentrifuge.,coo,,_o,_o,_o_,_,o,p_,,

Interiorconceptofthehabitationmodule.Galleyandhygienefacilities are in
forwardendolthe module,while individualcrewcompartmentsaretowardthe
rear. eCourlesy of B_ing Aerospace

Logislicsmoduleswillbeusedtobringexperiments,suppliesandperishable
itemstotheStation._o_.._o_,o_,,o_._

local time, morning and

night, and thc other will
cross the equator at another
local time, afternoon and
night. Data collcctcd by
instruments aboard
Freedom's unmanned Earth-
observers will enable scien-

tists to study the intricate
interaction of the oceans,
land masses and atmosphere,

and solar phenomena on our
planet's environment.

During thc earl), stages of

assembly, a U.S.-made Flight
Tclerobotic System will aid
in the construction of the
manned base. A Canadian-

built Mobile Servicing
System (MSS), equipped

with a manipulator arm, will
also bc installed to assist in

Freedorn's assembly. The
MSS is bascd on expertise

acquired in creating Cana-
darna, the versatile robot arm
used extensively in U.S.

Space Shuttle missions. The
MSS's robot arm will

perfornl jobs controlled from
work stations situated both
inside and outside Freedom's

pressurizcd modules. This
arm will reduce the need for

space walks, and evcntually
help dcploy, dock, and
redcploy a visiting Shuttlc
orbiter; assemble, retrieve,
and transport payloads
around thc Freedom station,

and position astronauts fbr
access to its various parts.
Mounted atop a NASA-built
flatcar, to be developed in a
future phase of the Freedom
program, the MSS will be
able to move along
Freedom's extensive truss
structttre.

Two of the pressurized
modules that will be attached
to the horizontal boom are

being supplied by thc United
States. One will serve as a

laborator}s the other as a
living area. Each module
will be taken up individually
into space inside the
Shuttle's cargo bay. Astro-
nauts, assisted by the ma-
nipulator arm, will remove
the modules from the Shuttle

and secure them in their

proper locations on the
Freedom station's tmsswork.

Each U.S. module is

nearly 13.6 mctcrs (45 feet)
long and about 4.5 meters
(15 feet) in diameter. Earl),
in the assembly sequence, the
laboratory module will be
positioned on Freedom's
supporting frame. With this

GrowthphaseoftheSpaceStation
Freedom,ascurrentlyenvisionedby
NASA,includesupperandlowerkeel
structures,solardynamicpower
system,a servicingbayanda c.q-
orbitingunmannedplatform(not
ShOWn). _c0u..y 0f R0c_,,_u_t,m,T_aD

TheU.S.polar-orbilingumanned
_latform isanintegralpartofthe
reedomprogram.Thefree-flyerwill

carrya varietyofEarth-observation
instrumentsaspartofanextensive
3rogramto studytheEarthasa
system._0_..,0,G_,.,,osp,:,_

Close-upartist'sconceptofa Shuttle
orbiterdockedtotheFreedom.
Canadianrobotarmisshownon
mobilebase. Sky-viewing
inslrumenlsaremounledona pallet-
structuresituatedontheupperfaceof
theStation'struss.
Egoodesy of Pat Ra_dings t'agte [no_eednol
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first modLflC in placc, astro
nauts,can s.t.art equipping the
la!-_()rator_e to c_a_ '"out;"_":

Shuttle is docked, periods
which could cxtcnd from two

weeks to a month. A Space
Shuttlc will deposit thc
habitation module at the

orbiting construction site
several flights later. With the
addition of the forward

nodcs and logistics module,
Freedom will bc rcady for
permanent occupation.

The Japanese and Euro
pean modules, slightly
smaller than their American

countcrparts, are scheduled
to arrive, respectively, after
Frccdom is permanently
staffed. The Japanesc
Experimental Module (JEM)
will accommodate scientific

and technological dcvclop-
ment research, including

microgravity experiments. A
space-exposed deck will hold
a variety of cxperiments that
can bc reached by a manipu-
lator arm. Thc JEM will
include a detachable, experi-
ment logistics modulc that

29



ORIGINAL PAGE

COLOR PHOTOGRAPH

30

would hold consumable

goods, experimental speci-
mens, and various kinds of

gases for the Japanese
Experiment Module. This
logistics cannister can be
hauled into orbit aboard the

Shuttle, or by a Japanese
cxpcndablc launch vehicle
which will bc operational by
the mid- 1990s.

ESA's design for a perma-
nently attached laboratory
module is based on Spacclab,
its contribution to the Space
Shuttle program. Spacelab
has successfully flown several
times in the cargo bay of a
Space Shuttle. Derived from
that design, the ESA module

will consist of four cylindrical
segments forming a pressur-
ized module. Once it is per-
manently attached, the ESA
laboratory module will
become a research site tbr

crews to perform experi-
ments in the physics of
fluids, life sciences, and
materials research. At that

point, the basic foundation

R)r living, working, and
studying aboard Space
Station Freedom will bc in

place.
ESA is also developing, as

part of its contribution to
Space Station Freedom, a
Man-Tended Free Flyer
(MTFF) to be made up of
two Spacelab segments and a
resource module that holds

supplies. The MTFF will
fimction independently of
the manned base.

As a self-contained

automatic laboratory circling
Earth, this spacecraft could

produce spaccgrown crystals
and other specialized materi-
als in an undisturbed envi-

ronment. Exchanging the
harvest of MTFF-produccd
products with raw stock
would bc handled by
Frccdom's crew, Space
Shuttle astronauts, or the
crew of the European space
plane Hermes, now under
development.

Frccdom's crew members

will move between the

various modules through
four interconnecting re-
source nodes, or sets of
pressurized cylinders. The

\

J
Mockupofcupola,whichwillgiveastronautsa panoramicviewforscientificand
operationalooservatons._o,_o_

TheShuttle,as itmightappear
preparingto dockwiththeFreedom,
providesthemeansto incrementally
constructthefacility,resupplyit and
rotateitsonboardresearchers.

DetailedmodeloftheJapanese
ExperimentModule.TheJEMfeatures
a pressurizedlaboratorymodule,
exposedworkdeckandrobotarm.
Thesmallermoduleontopis an
experimentlogisticsmodule.
(Cour_e_yolJapan}

Freedomresourcenodeswill connectthehabitatandlaboratorymodules.
[Couaesy 0_M_00r,e_ D0ugmsl
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nodcs are spacious and
outfitted with command-

stations, control-work
stations, and other hardware.
The forward nodes will

contain the primary and
backup docking ports for
Shuttle orbiters.

Two nodcs arc fittcd with

airlocks through which
astronauts can lcavc for work

outside Frccdom's pressur-
izcd modules. The forward
nodes are sure to bca

favorite lookout point. With
t-wo windowed cupolas, onc
looking toward Earth and
the other looking outward to
space, they offer on-top-of-
the world sightseeing at its
best. The panoramic view of
all space above and below
the manned base will permit
astronauts to monitor an

incoming Shuttle, guide
robot arms pcrforming
external payload assembly or
maintenance tasks, conduct
scientific observations, and
observe fellow crew members
on EVAs.

Elcctric power for
Frccdom's manned base will

come from arrays of solar

ESAis providingseveralelemenlsto
theFreedomprogram,includinga
permanently-attachedlaboratory
moduleliketheoneshownhere.
IC_udes_ of aeer]talia_

cells, which arc dcploycd
from the pox_vr modules
located on thc ends of the
horizontal boom. The tbur

outstretched solar arrays at
each cnd of the boom
contain a total ofabotlt a
half-acrc of solar cells. The

solar arrays provide all the
power nccds during the
sunlit portions of an orbit.
In addition, they provide
electric powcr to charge
battcrics which then provide
all the power necds during
the dark portions of each
orbit. Togcther, the solar
arrays and batteries will bc
able to provide 75,000 watts
of clcctricity, enough to
power about 2,q all-electric
homes on Earth. Thc largest
electric power level required
in space to date, it will
support all the housekeeping
loads as well as the power
needs of scientific equip-
111cnt_ computers, communi-
cations equipment, and

equipment such as materials-
processing furnaces.

Regular visits to Freedom
by the Space Shuttle will
bring new crew members,

visiting scientists and a
logistics module, loaded with
ncw supplies, to exchange
with thc logistics module

already in place. To further
sustain the Freedom station

with new supplies and
experiments, unnlanncd

rockets, possibly including
Japanese or European
boosters, may also bc
commissioncd.

Reccntly, with thcir spacc
laboratory Mir, the Soviets
havc shown that humans can

live and work in space for
almost a ycar without the
bcncfit of artificial gravity.
NASA plans to havc the crcw
mcmbcrs scrvc tours of duty
on Frccdom that will

gradually expand from 90 to
] 80 days as morc is learned
about the physiological
cflizcts of prolonged weight-
]essness.

Space Station Frccdom,

which NASA and its partners
will assemble in spacc, xdll bc
much more than a collection

of Earth-circling girders and
cylinders housing hard-
working astronauts and
scientists. It is also a com-

mitmcnt to thc bold pursuit
of scientific knowledge,
tcchnological prowcss, and
new commerce -- all ingre-
dients esscntial to meeting
thc demands and opportuni-
tics of the 21 st century.

•" . _?'.F:,.',', '; ,' ;:_ _ . "" .._
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ORBITAL
MECHANICS

hc impact of a permanently
occupied spacc station will
bc (tit from its ability to
support the servicing of
scicntific plattbrms and
satellites in space. The frst
on-orbit repair took place in
1972 during the Skylab
program. Evcn more
ambitious missions have been

accomplished from thc
Shuttlc. Thc I.casat commu-
nications satcllitc and tile

scicntific Snn watcher, Solar
Max were also rcpaircd in
orbit and put back into
service.

As a rcsult, new genera
tions of spacecraft arc being
built specifically for spacc
tunc-up and changeout.
Carrying critical, replaceable
hardware, thcy include the
grcat obscrvatorics -- the
Hubblc Space Telescope, thc
Gamma Ray ObscrvatoD, , the
Advanced X Ray Astrophys-
ics Facility, and the Space
Inffarcd Tclcscope Facility-
all cxpensive eyes on the
universe being readied for
operation over extended
lifetimes.

In time, astronauts

controlling a Freedom-based
unmanncd robotic tugboat,
called an Orbital Maneuver

ing Vehicle (OMV), will bc
able to retricvc spacccraft
from ovcr a thousand relics

away. Oncc thc spacccraft is
retrieved, a space-suited crew
will replenish fuels and vital
liquids, and overhaul, add to,
an.d adjust equipment on the
spacccraft. Space assets
which may bcncfit from tiffs
capability rangc from
scientific instruments fixcd to

Frccdom's tmsswork, to
unmanncd materials proccss-
ing platfomls orbiting within
range of thc manned base, to
the largc astronomical

32

Artist's conceptoftheHubbleSpace
Telescopeafterdeploymentfromthe
Shuttle.TheHST,aswellasother
largeastronomicfacilities,are
candidatesforon-orbitservicing
supportedbyFreedom.
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The mulli-armed Flight Telerobotic Servicer will be used !o assist astronauts in the assembly of Freedom, and will help
maintain scientific instruments located on the complex.

observatories planned fbr
development in the coming
decade.

If a small component
fetched from a disabled

spacecraft requires detailed

work, astronauts will carry it
into one of Frccdom's

laboratory modules via an
airlock. Then, in the com-
f_wt of a shirt sleeve atmos-

phere, a crew mcmbcr sitting
at a work bench will solder,
test, or changcout printed
circuit boards. The versatile

OMV will then propel the
overhauled spacecraft back
into orbit.

Freedom's crew will also

be able to perform repairs in
space, positioning themselves
and the satellites the 5"arc
servicing in limitless oricnta

tions. Indeed, with appro
priate tools and restraints,
human beings can sometimes
work as effectively in space as
on Earth. Special spacesuits,
easy to maintain on board
the Freedom station, arc
therefore being designed to

endure from 2000 to 3000
hours of extravehicular

activity (EVA) a year, ten
times longer than all EVAs
conducted to date. Once

inside the high-pressure suit,
an astronaut can move in and

out of space rapidly without
the time-consuming prc-
breathing session currently
required to rid the blood
stream of nitrogen when
shifting from a high- to a
low pressure environment.

Supplementing Human
Ingenuity

Automation and robotic

applications can provide
reliability, precision, and a
tireless capacity to pcrtbrm
routine, repetitive, and
sometimes high-risk tasks.
Past space exploits, however,
show that human ingenuity
is neccssary to evaluate a
situation, develop a course of
action, and implement a
plata. Often such human
intervention has made the
difference between the failure

High-pressurespacesuits,suchas
thisone,areunderstudyforuseon
FreedomwhereEVAswillbea routine
practice•TheZeroPrebreathSuit
allowsastronautstoavoidextensive
depressurizationperiodrequiredwhen
[oing outinspacewithcurrent

huttle-basedsuits.



MaintenanceandrepairofEarth-orbitingsatelliteshasbeendemonstratedon
Shuttleflights,suchastheSolarMaxrepairmission.Freedomwill alsobe
capableof maintaining,upgradingandrepairingspaceassets,thusextending
theirvalueandproductivity.

Robots,liketheFTS,willperformhigh-risktaskslikesatelliterepair,shown
here,orspacecraftrefueling,underremotecontrolof Freedom'screwmembers.

AnOrbitalManeuveringVehiclepreparesto dockwiththeHST.Inthedistanceis
anenhancedconfigurationforFreedomwheremainlenancewillbeperformed.

and success of a mission.

In 1984, Congress
directed NASA to study the
job of melding human and
machine proficiency in the
ser_,ice of the national space
cffort. The congressional
directive has begun to
produce exciting results.
While still a far cry from
those lovable science fiction

robots, C3PO and R2-D2,
the Flight Tclcrobotic
System (FTS), has become
an integral part of the
Freedom program. The
space robot can be con-
trolled by an operator on the
Freedom station or o13 the

ground. It will ultimately
have the work capability of a
space suited astronaut and
will help in the on-orbit
assembly and maintenance of
the manned base, thus

minimizing the amount of
human extravehicular activity
and the risk involved.

Advanced tclcrobots,
equipped with sophisticated,
finger-like manipulators
approaching human dexter-
it3', would bc able to perforna
such sensitive, spccializcd
tasks as servicing parts of
Freedom or rcfhcling a
spacecraft. Advanccs in
computer vision with voicc-
command links will also

allow robots to serve as ,,go_
fcrs." Think-fbr-yoursclf
atttomatons also arc expected
to come out of NASA s
automation and robotics

programs.
Other early goals include

automating the guidancc,
control, and navigation
functions. Study is also
underway on lessening the
astronauts' workload by
using artificial intclligcncc
(AI) to control and monitor
temperature and electrical
power distribution, warn of
potential hardware failure,
and keep inventories of tools,
cquipmcnt, clothcs, and
food. Spacebornc AI tech-
nology could also network
many of these jobs so they
talk to cach other; by making
use of expert systems, they
can also infer, reason, learn,
and act appropriately.

ORrGI_AL P,_GE
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reliminary work aboard
Frccdom is expectcd to
stimulate still more uses.

Space Station Frccdom,
therefore, is being attuned to
a philosophy of adaptability
and change. Its design, for
examplc, features "hooks and
scars," electronic and
mechanical intcrfaces that "-'_:'_ i=:i_÷-

allow Freedom's dcsigncj's to " _ _' "-
expand capability. In this
way, new and upgradcd
componcnts, such as con]-
putcr hardware, data man- _:
agement software, and power
systems, can be installcd . " .... _--_'_2 "- ..
easily. The concept is simila_'..Q.i>+"_. --- :.:;7_

to buying a homc prewircd
for eventual hookup to a TV
cable system even though the

cable company has not yet __ireached your area. _7

AddingOn
Engincers havc also

blueprinted a configuration
for expanding Frccdom that
builds on thc initial struc-
ture. In this advanced

vcrsion, two 103-meter

(340-foot) long vertical
spines will conncct with the
horizontal cross boom. Wqth

a near-rectangular shape
comparable in size to a
football field, the frame will
be much stiffer and also

allow ample room for a be W
of new payloads.

On the upper beana, for
cxample, cosmic-ray experi-
ments, solar and astrometric

telescopes and rclatcd
detcctors, solar cell and

spacecraft materials, and
coating stt, dics can bc
exposed to thc environs of

space. To boost clectricit 3,
lcvcls, a pair of solar dynamic
generators featuring reflect-
ing mirrors can also bc

AFreedom-basedOrbitalTransfer
Vehiclecouldbeassembled,serviced
andfueledatthecomplex.TheOTV
couldpropelastronautsandhardware
to highEarthorbitsorexploratory
largets.Theumbrella-likestructureis
usedforaerobraking.

_:v,
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attached to the structure.

Collecting heat from the
intense rays or the Sun,
parabolic mirror segments
will locus this energ3/on a
fluid which then drives a

turbine engine that generates
electricity, supplementing
Freedom's power by another
50,000 watts.

Also envisioned as part of
the enhanced Freedom are

unmanned co-orbiting
platforms. Such platforms
could be equippcd with large
antennas that scan the
universe fbr radio chatter
from distant communities.

Or, they might fi)cus on
astrophysics rcscarch, solar

obsen'ation, or a wide variety
of Earth oriented or astro-
nomical endeavors.

A large servicing bay, 60
meters (200 feet) hmg and
nearly 30 meters (100 feet)
across, to house an entire

"grcat obscrvatory" space-
craft, also is planncd on the
enhanccd Freedom. Once an

observatory is parked inside
the cavernous hangar,
astronauts could easily align,
clean, and even recoat
astronomical instmn_ents in a

pressurized environmcnt,
leaving their cumbersome
spacewalking suits on the
rack.

Another cvolutionan" path
for Space Station Freedom
calls for added reliance on

automation and robotics,
particularly for building
sizable structures in Earth

orbit. Such space structures
will be able to accommodate

large cargoes of equipment,
tirol, and other materials that
can perpetuate Frcedom's
growth and use.

Other growth sccnarios
might include attachcd
modules to hold plants
grown in space as part of a
closed ecological lift-support
stud}; or which sen'e as a

quarantine area for studying
precious samples of comets
or Martian soil brought to
Freedom by robotic space-
craft. A module could also

become a biomcdical study
center assigned the duty of
developing and evaluating

m

Rockeldyne,NASA'sconlractorforthe
Station'spowersyslem,has
developeda functioningprototypeof
thesolardynamicpowersystem
whichis expecledtofurnishadditional
powerfortheStationinthefuture.

ORPGINAL PAGE
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Futureunmannedspacecraft,
designedforon-orbitservicingfrom
the Freedom,includetheAdvanced
X-RayAstronomyFacilityand

theSpaceInfraredTelescopeFacility.
ThesespacecraftwouldbeplacedIn
anorbitneartheStationwherecrews
canperiodicallyexchangeandupdate
scientificinslruments.
_Pl-_loscoud_ of GE/_lm-Sp_e_



Theenhancedconfigurationforthe
Freedomfeaturesaddedstructure,
additionalpower,anda servicingbay.
{Courtesy ol McOon_eIF DOUgI_S_

=

Withaneyetowardfutureself-sufficiencyontheMoonorMars a potential
futuremodu e could serve as a space garden, as shown in this aHisl's concept.
Robotswouldtendthegardenwhichwouldsupplyfoodfortheastronauts.
_C_urtesyol Boeqn9 Aerospace}
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Air

AstrometricTelescopeFacility,whichwouldsearchforplanetarysystems
aroundotherstars,couldoperateasanattachedpayloadonFreedom'supper
keel.

conntermeasurcs to the

effects of microgravity on
humans.

Branching Out

NASA calls it "branching"
-- a Freedom-based activity
so fruitful that it can branch

offinto its own facility. A
common branching concept
calls for a human-tended

Facili w where made-in-space
products, such as rarc metals,
glasses, and electronic
material, can bc processed in
an absolutely vibration-free
environmcnt. This research
base could even lead to

another branching financcd
by a high-tech industry that
wants its own production
facility* in space.

As little as scientists know

about human adaptation to
microgravit}, even lcss is

known about the long-term
effects orexposure to the
one-sixth gravity* of the
Moon or the one-third

gravit T of Mars. One
suggcsti'on, th/Sref0rc, is to

develop a facility, capable of
simulating different artificial
gravity conditions, using
Frcedom's components. The
facility would consist of a
module connected to a

counterweight at the end of a
long tether. Capable of
rotating at different rates,
thereby yielding different
artificial conditions, this fi'ec-
flying variable gravity
research Facilit3* could lead to
new biomcdical data neces-

sary to "flight qualify"
humans fi)r journeys to
worlds beyond thc Earth.

Another branching
candidate is a shipyard in
orbit. This depot could act
as an assembly, service, and
fueling spot for a host of
space vehiclcs. An Orbital
Transfer Vehicle (OT% 7)
stationed at Freedom, could

bc uscd for propelling
astronauts and hardware to

orbits higher than the
manned base's operating
altitude, even to geostation-
ary orbit, or the Moon.

co.O_!G/IVAL p
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FOOTHOLDON
THE FUTURE

reedom's permancn W and its
mix of human aptitudes and
technologies will add an
extraordinary dimension to
the achievement of hmg
term space goals. An ideal
focal point for collecting
performance data on space
technologies, Freedom will,
for example, accommodate
the assembly and testing of
antennas too large or too
fragile to assemble on or
launch from Earth.

Fluid management
technology can also be
enhanced through testing on
Freedom. _mwing how to
safely store and transfer fuels
in microgravit T is a prerequi-
site to establishing large fuel
depots in orbit. Advanced
spacecraft materials and
coatings that are eventually
to be used in optical detec-
tors, mirrors, and solar cells
can bc proofed by exposure
to the space environment.
Long-term effects of"atomic
oxTgen and a near vacuum,
including bombardment by
ultraviolet rays, electrons,
and protons, can also be
studied.

High-power energy.
systems, laser-communica-
tion equipment, advanced
life-support concepts,
complex automation and
robotic hardware, new
propulsion systems--
technologies which are
pivotal to enlarging the
sphere of space operations
above Earth--all can benefit

from preliminary assessment
in orbit. Taking advantage
of Freedom's capability to
test be(ore tasking will
multiply the accomplish-
ments of the cMlian space
program over the coming
decades.

A Framework for Tomorrow

In a 1987 report to NASA
Administrator Jamcs

Fletcher, a task force led by
Dr. Sally Ride, _&nerica's first
woman in space, concluded

that the nation will be able

to regain and retain leader-
ship in space only if it has "a
clear stratc_" in place, and its
goals for the future defined
and developed." The report
goes on to state that fi_tttre
space scenarios depend on
the research, hardware
development, and successful
use of automation, robotics,
and other technologies and
abilities gleaned from Space
Station Freedom.

According to the study,
four initiatives provide a
framework for the future:

* Expanded studies of
Earth that characterize our

home planet on a global
scale,

• An enhanced program
of Solar System exploration
using robots,

• Establishment of a

permanent outpost on the
Moon that builds on the

Apollo program,

• A program to scnd
humans to Mars, leading to
the eventual establishment of

a permanent Martian basc.

The report also included a
scenario for a lmman return

to the Moon by the year
2000, followed in five years
by an outpost 384,500
kilometers (240,000 miles)
away on the Moon and
sheltering five astronauts R)r
sevcral weeks at a timc.

Circa 2010, up to thirty
lunar explorcrs can be

working at the outpost over
a period of months. This
lunar initiative, concludes the
stud}s will nurture the
experience, expertise, and
confidence needed to
commit the Nation to an

astronaut outpost on Mars
a20 million kilomctcrs (200
million miles away) by the
};car 2010.

TheNationalCommissiononSpace
determineda settlemenlonMarsin
the21stcenturycouldbeachieved.
Thefirstslepstowardexpanding
humanlifeto suchdistancesbe0ins
withSpaceStationFreedom.
(Cop]fi_h119_ 8anMm BOOks te¢} _I_31NAL PAGE
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Freedomwill supporttechnology
developmentandbuildupofvehicles,
suchasthisCargoVehiclePropulsion
element,foruseina pilotedMars
missionandouterplanetrobotic
explorationmissions.

MarsObserver,scheduledforlaunch
in 1992,is designedIofollowupon
knowledgegainedfromMarinerand
Vikingmissionstotheplanet,and
serveasa precursorforfutureMars
exploralorymissions.

However, conchides thc
rcport, "Until the Spacc
Station is occupicd and
actual long-duration testing

is begun, we will lack thc
knowlcdgc necessaB' to
design and conduct intcr-
planeta_' flights or to inhabit
lower-gravit T surfacc bascs."

Similar goals were cham-
pioned in a 1986 report to
President Rcagan from thc
National Commission on

Space. This blae ribbon
group noted that the movc-
ment of human life outside

Earth requircs thc develop-
ment of a space station.
Over time, thc space station
will evolve into an "cai'th

spaccport," scrving as a hub
for both unpitoted and
human traffic. This eco-

nomic transfer of passcngcrs
and vehicles with Earth

would lay the ground, so to
spcak, for a "highway to
spacc" as well as a '<bridgc
between worlds," initially to
thc Moon and subscqucntly
to Mars.

Humans IMng along this
space frontier, hypothesizes
the Commission, would livc
off the land, dcrMng cnerg3,
and materials from planet-
circling moons, asteroids,
and planctary surfaccs as they

make thcir way through the
Solar System. Indeed, as the
Solar System becomcs
humanity's extended home,
the umbilical to Earth could

eventually bc cut.
Certainly, thcrc is no

question that visionccring is
alivc, wcll, and running on

full throttlc irl the United

States. Indeed, that recovery
process is prcdicatcd in good
mcasurc on pressing fbrward
to a new future in space -- a
thturc symbolized by Space
Station Freedom, our
fbothold on the futurc.

PermanentoutpostsontheMoon,buildingonthesuccessofApollo,havebeen
proposedasafuturespacegoal._:o,.,._o,,.,.,._g__,?,._.Q,o.°,_,
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A fulure programto sendhumans Io Mars could involvehardwaredepicted in
this artist's concept.

Freedomwill supportdevelopmentand flight-testing of advancedEarth-orbit
technologiesdevelopedunder NASA'sPathfinder project.

ORIGINAIZ PA_
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Samples, collected during unmanned
missionsto Mars, couldbe brought
back to Freedomfor early analysis
prior to transportback to Earth for
detailed investigation.

Future goals for the civil space
program include an enhanced
programol solar system exploration.
Shown is the great nebula in
Andromeda.
C_pyr_ght:HaleObSeriiatcr_s

Freedom's large photovoltaicarrays
could supportdevelopmentof high-
performance, low-mass, high-
reliability solar power for the early
phasesof lunaror Martian outposts.

Moonwalker Charles Dukesalutesthe
Americanflag during his 1972 Apollo
mission. America's preeminence in
the exploration of space was clearly
demonstratedbyApollo's
achievements.

Next Page:The Freedom Station will
pave the wayto making the solar
systemhumanity's extended home.
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